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©  A  method  and  apparatus  for  compressing  a  sta- 
tor  core  (15)  assembly  of  an  electric  generator  (11) 
laving  a  plurality  of  stacked  punchings  (19)  posi- 
tioned  between  opposing  compression  plates 
(23,24).  A  through-bolt  (25)  is  passed  through  an 
aperture  drilled  through  the  stacked  punchings  (19) 
and  a  tensioning  (41  )  nut  threaded  onto  one  end  (27) 
of  the  through-bolt  (25).  A  thrust  nut  (51  )  is  threaded 
onto  a  second  end  (29)  of  the  through-bolt  (25) 
thereby  compressing  punchings  (19)  between  ten- 
sioning  nut  (41)  and  thrust  nut  (51).  The  tensioning 
nut  (41)  is  fixed  to  the  through-bolt  (25)  so  as  not  to 
be  removable.  Punchings  (19)  are  compressed  by 
external  means  and  then  the  thrust  nut  (51)  is  tight- 
ened  against  the  plate  and  peened  to  remain  in 
position.  Final  tensioning  and  retensioning  is  pro- 
vided  by  a  plurality  of  set  screws  (57)  circumferen- 
tially  placed  about  the  thrust  nut  (51)  and  extending 
parallel  to  the  through-bolt  (25).  The  set  screws  (57) 
may  be  turned  and  cooperate  against  one  of  the 
compression  plates  to  exert  compressive  force  on 
the  punchings  (19).  The  set  screws  (57)  may  utilize 
nylon  inserts  to  prevent  loosening.  The  utilization  of 
the  unique  thrust  nut  (51)  with  set  screws  (57)  allows 
the  punchings  (19)  to  be  retensioned  after  installa- 

tion  without  requiring  utilization  ot  large  tools  to  turn 
the  very  large  thrust  nut. 
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METHOD  AND  APPARATUS  FOR  TENSIONING  AND  RETENSIONING  LOW-TORQUE  NUTS  FOR  STATOR 
CORE  THROUGH-BOLTS 

This  invention  relates  to  electric  power  gener- 
ators,  and,  more  particularly,  to  an  improved  as- 
sembly  for  retensioning  through-bolts  used  to  com- 
press  stator  core  punchings. 

Large  public  utility  power  plants  produce  elec- 
tricity  by  coupling  a  generator  to  a  mechanical 
power  source  such  as  a  steam  turbine.  The  gener- 
ator  comprises  a  rotor  journaled  in  a  stator,  the 
rotor  containing  copper  coil  windings  which  carry  a 
direct  current  for  producing  a  magnetic  flux.  The 
power  source  spins  the  rotor  at  high  speeds,  caus- 
ing  the  magnetic  flux  to  sweep  across  copper  coil 
windings  in  the  stator  and  generate  an  electric 
current. 

The  generator  stator  comprises  a  cylindrical 
core  having  longitudinal  slots  along  an  inner  sur- 
face,  each  slot  containing  a  pair  of  top  and  bottom 
half  turn  coils.  The  top  and  bottom  half  turn  coils 
emerge  from  the  longitudinal  slots  at  each  end  of 
the  stator  core  and  turn  in  order  to  connect  with 
other  half  turn  coils,  thus  forming  a  coil  winding. 
The  plurality  of  emerging  end  coils  at  each  end  of 
a  stator  core  form  an  end  winding  basket.  This 
basket  arrangement  of  individual  end  coils  must  be 
consolidated  into  a  unified  structure  in  order  to 
restrain  radial  and  tangential  coil  movements  which 
result  from  large  electro-magnetic  forces,  thermal 
expansion  and  coil  vibration.  Bracing  assemblies 
are  commonly  used  to  secure  end  coils  and  reduce 
coil  wear  which  results  from  coil  movement  during 
generator  operation.  In  order  to  provide  sufficient 
mass  and  stiffness  for  reducing  steady  state  coil 
vibration  and  other  sources  of  coil  movement,  the 
end  coii  bracing  assemblies  must  be  relatively 
large.  As  a  result  there  are  very  limited  clearances 
about  the  end  winding  basket  and  portions  of  the 
stator  core  are  not  readily  accessible  for  main- 
tenance  and  repair. 

Recent  improvements  in  bracing  assemblies 
which  further  reduce  coil  movement  in  the  end 
winding  baskets  of  an  electrical  generator  have 
used  bracing  systems  in  which  a  non-metallic  seg- 
mented  ring  is  positioned  against  upper  surfaces  of 
top  end  coils  and  a  non-metallic  cone  shaped  sup- 
port  ring  is  positioned  against  lower  surfaces  of 
bottom  end  coils  to  provide  a  continuous  rigid 
support  about  the  end  winding  basket.  These  rings 
are  formed  of  a  relatively  rigid,  baked  fiber 
glass/epoxy  resin  composite.  In  order  to  minimize 
coii  movement,  such  support  rings  may  be  sub- 
stantially  larger  than  other  bracing  systems  which 
have  been  used  to  secure  end  coils  against  move- 
ment. 

The  cylindrical  stator  core,  which  may  exceed 
762  cm  in  length,  is  formed  from  a  plurality  of 
stacked  punchings.  A  series  of  longitudinal 
through-bolts  extending  through  the  entire  length  of 

5  stacked  punchings  are  used  to  compress  the  pun- 
chings  between  a  pair  of  end  plates  and  consoli- 
date  them  into  a  unified  structure.  This  arrange- 
ment  minimizes  vibration  and  stator  core  deforma- 
tion  which  result  from  the  large  electromagnetic 

w  forces  present  during  generator  operation. 
Generator  designs  typical  of  the  prior  art  uti- 

lized  the  through-bolt  clamping  arrangement  illus- 
trated  in  Figs.  1  and  2  for  compressing  the  stacked 
stator  core  punchings.  Fig.  1  illustrates,  in  partial 

75  cutaway,  a  generator  11  have  a  rotor  13  journaled 
within  a  stator  core  15  within  a  support  frame  17. 
As  further  illustrated  in  the  partial  cross-sectional 
view  of  Fig.  2,  the  stator  punchings  19  are  sand- 
wiched  between  a  pair  of  insulation  washers  21,22 

20  and  a  pair  of  steel  compression  plates  23,  24  to 
distribute  the  compression  forces.  Through-bolts  25 
having  first  and  second  threaded  ends  27  and  29 
are  positioned  to  extend  outward  through  the  pun- 
chings  19  and  the  compression  plates  23,24  on 

25  both  the  exciter  end  33  and  the  turbine  end  35  of 
the  generator  1  1  . 

Procedures  for  stressing  a  stator  core  through- 
bolt  25  during  generator  assembly  have  involved 
first  installing  insulation  washers  21,22,  compres- 

30  sion  plates  23,24,  insulation  bushings  45,46,  wash- 
ers  43,44  and  tensioning  nuts  41  ,42  on  the  first  and 
second  bolt  ends  27  and  29.  The  nuts  are  hand 
tightened  against  the  stacked  punchings  19  and  the 
steel  compression  plates  23,24.  Next,  a  tensioning 

35  nut  41  ,42  on  one  bolt  end,  e.g.  the  first  end  27,  is 
locked  to  the  through-bolt  25  by  deforming  the  bolt 
threads  in  order  to  prevent  the  nut  from  backing 
out.  Then  a  hydraulic  tensioning  tool  (not  illus- 
trated)  is  threaded  onto  the  other  bolt  end,  e.g.  the 

40  second  end  29,  over  the  other  tensioning  nut  42. 
The  through-bolt  25  is  stressed  with  the  tensioning 
tool  to  provide  a  desired  compressive  force  against 
the  stacked  punchings  19.  This  creates  a  gap  be- 
tween  the  adjacent  tensioning  nut  42  and  compres- 

45  sion  plate  24.  The  nut  42  is  then  threaded  onto  the 
bolt  25  to  remove  the  gap  and  is  locked  in  place 
by  deforming  the  bolt  threads.  Finally,  the  ten- 
sioning  tool  is  released  so  that  the  locked  tension 
nuts  41,42  hold  the  through-bolt  25  in  a  stressed 

so  position  to  retain  a  compressive  force  against  the 
stacked  punchings  19.  After  all  the  through-bolts 
have  been  installed,  half  turn  coils  are  placed  int  he 
longitudinal  slots  of  the  stator  core  and  the  end 
coils  are  interconnected  to  form  a  coil  winding. 
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i/Vith  the  winding  in  place,  a  bracing  assembly  is 
nstalled  at  each  end  of  the  turbine  to  secure  the 
snd  coils  into  a  unified  structure. 

This  general  procedure  used  for  stressing 
:hrough-bolts  during  stator  core  assembly  is  known 
:o  have  several  limitations  affecting  preventive 
naintenance  of  the  stator  core  15  and  the  degree 
Df  tensioning  which  can  be  obtained  for  the 
:hrough-bolts  25.  Notwithstanding  the  relatively 
arge  compressive  forces  used  to  form  the  stator 
:ore  punchings  19  into  a  unified  structure,  the 
deformation  and  vibration  forces  incurred  during 
generator  operation  have  been  known  to  cause 
ndividual  punchings  to  slide  against  one  another 
and  to  wear  down  their  insulative  coatings.  Pro- 
gressive  wear  may  decrease  the  punching  thick- 
ness  and  reduce  the  compressive  forces  provided 
by  the  stressed  through-bolts  25.  This  in  turn  may 
'esult  in  greater  levels  of  movement  among  the 
punchings  and  accelerate  the  overall  wear  process. 

One  solution  for  preventing  these  wear  effects 
is  to  retension  the  through-bolts  25  if  the  compres- 
sive  forces  diminish  to  unacceptable  levels.  This  is 
accomplished  by  again  applying  a  compressive 
force  with  a  tensioning  tool.  Next,  one  of  the  ten- 
sioning  nuts  41,  42  is  again  threaded  inward  to 
retain  the  new  compressive  force  against  the  pun- 
chings  after  the  tool  is  removed.  However,  this 
method  of  retensioning  stator  core  through-bolts 
has  been  awkward  and  inconvenient  due  to  limited 
accessibility  and  the  large  tensioning  tools  which 
must  be  positioned  about  the  through  bolt  nuts. 
The  task  is  especially  difficult  for  generator  designs 
in  which  the  support  rings  are  relatively  large. 

In  the  past,  tensioning  nuts  have  been  locked 
in  place  by  deforming  the  nut  threads  as  well  as 
the  bolt  threads  during  factory  assembly  in  order  to 
prevent  backing  out  of  the  nuts  41,42.  However, 
deformities  in  the  nut  threads  and  bolt  threads 
adjacent  the  nuts  must  be  machined  in  order  to 
thread  the  nuts  41,42  inward  for  retensioning. 
Therefore,  it  has  become  a  common  practice  to  not 
deform  the  nut  threads  and  to  only  deform  the  bolt 
threads  up  to  one  revolution  in  front  of  the  nuts 
41,42.  This  technique  alleviates  having  to  machine 
the  nut  and  bolt  threads  when  retensioning  the 
through-bolts  25.  A  disadvantage  of  the  technique 
is  that  it  allows  the  nuts  41,42  to  back  out  up  to 
one  revolution  of  threading  when  they  are  installed. 
This  effect  results  in  a  small,  but  significant,  drop 
in  the  through-bolt  compressive  force  at  the  time  of 
installation.  It  is  therefore  desirable  to  provide  a 
through-bolt  assembly  for  compressing  stator  core 
punchings  which  does  not  involve  the  turning  of 
tensioning  nuts  when  retensioning  the  through- 
bolts. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  an  improved  through-bolt  assembly  and  meth- 

od  for  retensioning  stator  core  tnrougn-ooits. 
The  invention  will  become  more  readily  appar- 

ent  from  the  following  description  of  the  preferred 
embodiment  thereof,  shown  by  way  of  example 

5  only,  in  the  accompanying  drawings  wherein: 
Fig.  1  is  a  simplified  cross-sectional  view  of 

an  electric  generator  taken  along  the  axis  of  rota- 
tion; 

Fig.  2  is  a  partial  view  of  the  generator 
ro  shown  in  Fig.  1  ,  illustrating  a  prior  art  arrangement 

for  tensioning  stator  core  through-bolts; 
Fig.  3  illustrates,  in  a  cross-sectional  view 

taken  along  the  axis  of  rotation,  an  improved 
means  for  tensioning  and  retensioning  the  through- 

r5  bolts  in  an  electric  generator  stator  core;  and 
Fig.  4  is  a  perspective  view  illustrating  a 

novel  thrust  nut  for  retensioning  a  stator  core 
through-bolt. 

>o  It  is  still  another  object  of  the  present  invention 
to  provide  a  through-bolt  assembly  which  may  be 
retensioned  without  requiring  the  turning  of  ten- 
sioning  nuts. 

In  one  form,  the  present  invention  comprises  a 
25  through-bolt  extending  through  stacked  punchings 

of  a  stator  core,  a  tensioning  nut  threaded  onto  a 
first  through-bolt  end  and  a  thrust  nut  having  a 
central  threaded  bore  for  positioning  on  a  second 
bolt  end.  The  thrust  nut  comprises  a  plurality  of  set 

30  screws  positioned  about  the  central  bore  and  ex- 
tending  through  the  nut  parallel  to  the  central  bore. 
The  set  screws  are  positionable  against  a  thrust 
washer  in  order  to  retension  the  through-bolt.  The 
method  for  retensioning  a  stator  core  through-bolt 

35  with  the  thrust  nut  involves  torquing  the  individual 
set  screws  against  the  thrust  washer  until  a  desired 
level  of  through-bolt  tension  is  attained. 

With  reference  to  Figs.  3  and  4  there  is  illus- 
trated  according  to  the  present  invention  a  low- 

40  torque  thrust  nut  51,  having  a  central  threaded  bore 
53  positioned  about  a  central  axis  55  of  a  stator 
core  through  bolt  25  for  tensioning  and  retension- 
ing  the  through-bolt  25.  The  tensioned  through-bolt 
25  extends  through  the  stator  core  15  (partially 

45  illustrated  in  Fig.  3)  to  compress  a  plurality  of 
stacked  punchings  19.  The  punchings  19  are  sand- 
wiched  between  first  and  second  insulation  wash- 
ers  21  and  first  and  second  steel  compression 
plates  23.  First  and  second  threaded  ends  27  and 

so  29  both  the  bolt  25  extend  outward  through  the 
insulation  washers  21,22  and  compression  plates 
23,24  for  bolt  tensioning.  A  tensioning  nut  41,  of 
the  above  described  type  utilized  in  the  prior  art,  is 
threaded  onto  the  first  end  27  of  the  through-bolt 

55  25  for  stressing  the  bolt  25  with  a  tension  tool  (not 
illustrated).  A  first  insulated  bushing  45  and  a  steel 
washer  43  are  interposed  between  the  tensioning 
nut  41  and  the  first  compression  plate  23. 

3 
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The  thrust  nut  51  is  threaded  on  the  second 
end  29  of  the  through-bolt  25  against  a  steel  thrust 
washer  44.  A  second  insulated  bushing  46  is  posi- 
tioned  between  the  second  compression  plate  and 
the  second  washer  44.  The  thrust  nut  51  includes  a 
plurality  of  set  screws  57,  each  positioned  in  a 
partially  threaded  set  screw  bore  59  for  torquing 
against  the  second  steel  washer  44.  Torquing  the 
set  screws  stresses  the  through-bolt  without  requir- 
ing  that  the  thrust  nut  be  turned.  The  set  screw 
bores  59  are  disposed  about  the  central  bore  53, 
each  bore  59  extending  the  entire  length  of  the 
thrust  nut  51.  An  inner  end  61  of  each  set  screw 
bore  59,  facing  the  thrust  washer  44,  is  threaded 
for  passing  a  one  of  the  set  screws  57.  Each 
threaded  bore  59  may  include  a  nylon  or  other 
type  plastic  insert  (not  illustrated)  to  prevent  the  set 
screws  from  backing  out  after  they  are  torqued  in 
place.  An  outer  end  63  of  each  set  screw  57  is 
adapted  to  receive  a  hex-wrench  65  for  torquing 
the  set  screws  57  against  the  second  washer  44. 

Each  set  screw  bore  59  includes  an  unth- 
readed  outer  end  67  which  is  diametrically  smaller 
than  the  second  set  screw  end  63.  Thus,  the  set 
screws  57  are  positionable  in  the  bores  59  only 
through  the  inner  bore  ends  61  so  that  the  set 
screws  57  are  prevented  from  backing  out  through 
the  second  bore  ends  67  after  the  thrust  nut  51  is 
installed  on  the  through-bolt  25.  This  assures  con- 
finement  of  the  set  screws  57  when  the  thrust  nut 
51  is  subjected  to  large  electromagnetic  forces 
experienced  during  generator  operation. 

The  method  for  tensioning  the  through-bolt  25 
with  the  low-torque  thrust  nut  during  factory  assem- 
bly  is  similar  to  the  method  for  tensioning  the 
through-bolt  25  with  tensioning  nuts  41,42  posi- 
tioned  at  each  end  of  the  bolt  25.  With  the  ten- 
sioning  nut  41  threaded  onto  the  first  end  27  of  the 
through-bolt  25  and  the  low-torque  thrust  nut  51 
locked  onto  the  second  end  29  of  the  through-bolt 
25,  a  tension  tool  (not  illustrated)  is  threaded  onto 
the  first  end  27  of  the  through-bolt  25  to  stress  the 
bolt  25.  The  tensioning  nut  41  is  then  threaded 
inward  and  locked  in  place  in  order  to  remove  any 
gaps  between  the  tensioning  nut  41  and  the  near 
end  of  stator  core  15.  Next  the  tension  tool  is 
removed  so  that  the  resulting  through-bolt  tension 
forces  between  the  tension  nut  41  and  the  iow- 
torque  thrust  nut  51  compress  the  stator  core  pun- 
chings  19. 

If  the  compression  force  on  the  stator  core 
punchings  19  degrades  in  time  due  to  normal  gen- 
erator  operation,  the  through-bolt  25  may  be  reten- 
sioned  with  the  low-torque  thrust  nut  51  according 
to  a  novei  method.  The  through-bolt  25  is  reten- 
sioned  by  merely  torquing  down  the  set  screws  57 
against  the  thrust  washer  44  until  a  desired  level  of 
through-bolt  tension  is  attained.  The  nylon  inserts 

help  to  prevent  the  set  screws  57  from  backing  out 
after  being  torqued  in  place.  This  method  of  reten- 
sioning  the  through-bolt  25  does  not  require  turning 
of  either  the  tension  nut  41  or  the  novel  low-torque 

5  thrust  nut  51.  Thus,  the  nuts  51  and  41  may  be 
permanently  locked  in  place  during  factory  installa- 
tion  by  deforming  the  threads  on  the  nuts  51  and 
41  as  well  as  on  the  first  and  second  bolt  ends  27 
and  29.  With  the  low-torque  thrust  nut  51,  this 

70  permanent  nut  locking  prevents  losses  in  compres- 
sion  forces  on  the  punchings  19  during  the  installa- 
tion  process  and  does  not  affect  through-bolt  reten- 
sioning. 

A  further  advantage  of  the  present  method  for 
75  retensioning  the  through-bolts  25  is  that  it  over- 

comes  many  of  the  problems  of  limited  access 
prevalent  in  many  electric  generators  by  allowing 
retensioning  to  be  accomplished  by  tightening  the 
relatively  small,  e.g.  1.27  cm,  set  screws  with  a 

so  hand  tool  such  as  a  hex-wrench  65. 
The  principles  of  the  present  invention  having 

now  been  set  forth  it  will  be  apparent  to  those 
skilled  in  the  art  that  certain  modifications  in  struc- 
ture,  components  and  arrangement  of  components 

25  illustrated  herein  may  be  made  by  the  practice  of 
the  invention  or  the  adaptation  of  the  invention  to 
specific  electric  generator  designs  without  depart- 
ing  from  the  spirit  and  scope  of  the  invention  as 
defined  by  the  claims  which  follow. 

30 

Claims 

1.  A  compression  assembly  (25,41,51)  for  an 
35  electric  generator  stator  core  (15)  having  a  plurality 

of  stacked  punchings  (19)  positioned  between  op- 
posing  first  and  second  compression  plates 
(23,24),  comprising-  a  through-bolt  (25)  extending 
through  the  stacked  punchings  (19)  having  a  first 

40  threaded  end  (27)  extending  outward  from  the  sta- 
tor  core  (15)  through  the  first  compression  plate 
(23)  and  a  second  threaded  end  (29)  extending 
outward  from  the  stator  core  (15)  through  the  sec- 
ond  compression  plate  (24)  and  a  tensioning  nut 

45  (41)  threaded  onto  the  first  bolt  end  (27);  the  com- 
pression  assembly  characterized  by:  a  thrust  nut 
(51)  having  a  central  threaded  bore  (53)  for  thread- 
ing  onto  the  second  bolt  end  (29),  said  thrust  nut 
including  a  plurality  of  set  screws  (57)  positioned  in 

50  a  corresponding  plurality  of  threaded  apertures  (59) 
distributed  annularly  about  said  thrust  nut  (51)  and 
extending  therethrough  parallel  to  the  central  bore 
(53)  for  providing  compression  forces  between  said 
thrust  nut  (51)  and  said  tensioning  nut  (41)  when 

55  said  set  screws  (57)  are  tightened  against  the  sec- 
ond  compression  plate  (24);  and  means  (67)  for 
retaining  each  set  screw  (57)  in  a  set  screw  bore 
(59). 

4 
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2.  The  compression  assembly  of  claim  1  fur- 
ther  characterized  by  a  first  washer  (43)  positioned 
cetween  said  tensioning  nut  (41)  and  the  first  com- 
cression  plate  (23)  along  the  first  threaded  bolt  end 
(27). 

3.  The  compression  assembly  of  claim  2  fur- 
ther  characterized  by  a  second  washer  (44)  posi- 
tioned  between  said  thrust  nut  (51)  and  the  second 
compression  plate  (24)  along  the  second  threaded 
bolt  end  (29),  said  set  screws  (57)  positioned  to 
apply  compression  forces  against  said  second 
washer  (44). 

4.  The  compression  assembly  of  claim  1  or  3 
wherein  said  retaining  means  (67)  is  characterized 
by  a  reduced  diameter  opening  of  each  set  screw 
bore  (59)  adjacent  a  head  of  each  of  said  set 
screws  (57). 

5.  The  compression  assembly  of  claim  4  fur- 
ther  characterized  by  a  plastic  insert  positioned  in 
sach  threaded  set  screw  bore  (59)  to  prevent  loos- 
ening  of  said  set  screws  (57). 

6.  Method  for  providing  retensioning  capability 
for  a  through-bolt  (25)  in  an  electric  generator  sta- 
tor  core  (15)  with  a  thrust  nut  (51),  the  stator  core 
comprising  a  plurality  of  stacked  punchings  (19) 
positioned  between  first  and  second  compression 
plates  (23,24),  the  thrust  nut  (51)  comprising  a 
plurality  of  set  screws  (57)  positionable  against  a 
thrust  washer  (44)  for  torquing,  the  method  char- 
acterized  by  the  steps  of:  installing  at  least  one 
through-bolt  (25)  having  first  and  second  threaded 
ends  (27,29)  through  the  stacked  punchings  (19) 
with  the  first  bolt  end  (27)  extending  outward  from 
the  stator  core  (15)  through  the  first  compression 
plate  (23)  and  with  the  second  bolt  end  (29)  ex- 
tending  outward  from  the  stator  core  (15)  through 
the  second  compression  plate  (24);  threading  a 
tensioning  nut  (41)  onto  the  first  bolt  end  (27); 
positioning  a  thrust  washer  (44)  onto  the  second 
bolt  end  (29)  against  the  second  compression 
plate;  threading  the  thrust  nut  (51)  against  the 
thrust  washer  (44);  applying  a  predetermined  com- 
pression  force  onto  the  stacked  punchings  (19); 
tightening  and  tensioning  nut  (41)  against  the  pun- 
chings  (19)  for  holding  the  predetermined  compres- 
sion  force;  providing  a  plurality  of  annularly  distrib- 
uted  set  screw  bores  (59)  extending  through  the- 
thrust-nut  (51)  parallel  to  the  through-bolt  (25); 
placing  a  corresponding  plurality  of  set  screws  (57) 
in  the  set  screw  bores  (59);  and  tightening  the  set 
screws  (57)  against  the  thrust  washer  (44)  to  main- 
tain  the  predetermined  compression  force. 

7.  The  method  of  claim  6  further  characterized 
by  the  step  of  retensioning  the  through-bolt  (25) 
when  bolt  tension  decreases  below  a  desired  level 
by  torquing  the  thrust  nut  set  screws  (57)  against 
the  thrust  washer  (44). 

8.  The  method  ot  claim  b  or  i  turtner  cnar- 
acterized  by  the  step  of  locking  the  tensioning  nut 
(41)  in  place  after  the  through-bolt  (25)  is  ten- 
sioned. 
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